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use is severely limited by many disadvantages including patient intolerance, invasiveness, high cost, and time consumption. In order to overcome these issues, a number of laboratory noninvasive parameters have been assessed regarding their roles in monitoring activity of CD. The acute-phase reaction and releases of various proteins by immune cells, such as leukocytes are often associated with active inflammation in patients with CD, which enables the determination of CD activity by detecting the released proinflammatory factors in serum or other sources. Erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), 6 serum concentration of anti-TNF agents, [6] [7] [8] [9] and fecal calprotectin (FC) [10] [11] [12] [13] [14] [15] are currently being studied in patients with CD, and some of them exhibit good results in predicting treatment efficacy or activity of CD. Levesque et al 8 have prospectively evaluated the relationship between serum infliximab concentration and CD activity, found that infliximab level below 2.8 to 4.6 μg/mL can be best predicted by a 70-point increase in Crohn's disease activity index (CDAI), and concluded that infliximab concentration below 3 μg/mL may increase the likelihood of symptoms and inflammatory activity of CD. Previous study of Schoepfer et al 5 demonstrated
the relationship between the Simple Endoscopic Score for Crohn's disease (SES-CD) and FC, CRP, and CDAI and reported that the overall accuracy for the detection of endoscopically active disease was 87% for calprotectin, 66% for increased CRP, and 40% for CDAI ≥ 150, indicating that FC correlates closest with SES-CD and therefore activity of CD. These studies proved that FC and serum concentration of anti-TNF agents may be superior to CRP and CDAI in predicting CD activity. In this study, we performed a meta-analysis and pooled data from available studies to evaluate the diagnostic value of FC in assessing the activity and relapse of CD.
MATERIALS AND METHODS
A systematic review and meta-analysis of observational trials aiming to identify the predictive ability of FC for relapse and/or activity of CD were performed. The methodology presented below included inclusion and exclusion criteria, data sources, search strategies, study selection, and data extraction, outcome measures, assessment of quality of studies, and statistical analysis.
Inclusion and Exclusion Criteria
Clinical studies that described the predictive roles of FC in monitoring activity or relapse of CD were eligible for inclusion. Other criteria for inclusion included studies with adult populations, articles written in English, and evaluating relationship between FC and CD. Studies not written in English, animal studies, studies without proper control setting, absence of abstract, insufficient data, or those focusing on quality of life were excluded.
Data Sources
With the purpose of finding primary clinical studies, we systematically searched the following electronic databases for literature published from 1966 to August 2014: Medline (PubMed), the Cochrane central register of controlled trials, EMBASE, PubMed, EMBASE, the Cochrane Database of Systematic Reviews, and DARE. In addition, we also searched the websites of the British Society of Gastroenterology and European Crohn's and Colitis Organization to collect sufficient information of the clinical studies. The network search engine Google scholar was also used to identify additional studies. If necessary, hand search was performed to find relevant articles.
Search Strategies
The main strategy to select eligible studies was a broad systematic search using the 
Study Selection and Data Extraction
The process of search and selection of eligible studies was performed by two reviewers independently. The methods detailed in the Cochrane handbook were introduced during the screen and selection period to ensure the quality of selection. 16 Titles of all selected studies were screened, and articles that did not meet the inclusion and exclusion criteria were excluded. The abstracts of the remaining articles were read to further identify inappropriate studies. The two reviewers viewed the full text of the papers ready for inclusion after previous selection steps and again using the eligibility criteria mentioned above. The baseline characteristic information of each included paper was recorded: Total number of patients, FC assay, cutoff value of FC, and standard of relapse. The data extraction was conducted by two reviewers independently applying a standard data extraction form, and then the information was cross-checked with each other. If there was an uncertainty of specific issue, a third reviewer was invited to solve the concern.
For the included articles, data were also extracted on clinical outcomes.
Quality Assessment
Two reviewers were employed for the assessment of methodological quality of each included study. The risks of bias detailed in the Cochrane handbook for diagnostic test accuracy review were assessed as following: Risks of bias of patient selection, index test, reference standard, and flow and timing.
Statistical Analysis
The methods recommended in the Cochrane handbook for systematic reviews of diagnostic test accuracy were used in this meta-analysis. 17 Reference-positive patients/ total subjects were used to calculate the pretest probability of CD. The sensitivity and specificity of FC in a certain study were extracted or calculated using appropriate contingency tables. If there were potential problems in odds calculations for studies with sensitivities or specificities of 100%, then a value of 0.5 was added to all cells of trials that contained zero. 18 Positive likelihood and negative likelihood were determined as functions of these summary estimates; the derived estimates of sensitivity, specificity, and respective variances were also used to construct a summary receiver operating characteristic (SROC) curve. 18 The area under the ROC curve was used as an alternative global measure of test performance. 18 Diagnostic odds ratio (DOR) and the area under the SROC curve (AUC) were calculated to evaluate the diagnostic performance of FC in patients with CD. Diagnostic odds ratio and the AUC were computed to assess the prognostic performance of FC in CD patients. The formula for calculating DOR was presented as following: (sensitivity/[1 sensitivity])/([1 specificity]/specificity). A DOR of 1 indicates that the test fails to differentiate patients with active and inactive, responder and inresponder CD patients. A higher value stands for better test performance. An AUC of 1 equals a perfect test and 0.5 a completely uninformative test. 17 A model of random effects at each threshold was used to establish the pooled sensitivity, and specificity, with relevant 95% confidence interval (CI). We also performed subgroup analysis to assess potential risk of bias regarding country, method, aim, and FC concentration.
The chi-square test or Q-statistic and Higgins I 2 statistic were applied to detect possible heterogeneity. We considered that there was a statistically significant heterogeneity if p < 0.1. The percentage of I 2 indicated the degree of heterogeneity, and 25, 50, and 75% represented a low, moderate, and high degree of heterogeneity respectively. 19 Software Meta Disk v1.4 was used to carry out all the statistical computations. It was considered to be statistically significant if the p values were less than 0.05.
RESULTS
After the initial search, a total of 278 articles were selected; 57 of them were eligible for the initial analysis after further review. However, during the process of full-text review and data extraction, another 39 studies were excluded: 12 studies were not relevant studies; 11 studies were excluded as they were reporting clinical treatment outcome instead of predicting CD activity or relapse; 6 studies were excluded as concentrations of FC used for prediction were insufficient; 3 studies were excluded as the patients overlapped with another study; 5 studies were excluded as they were review papers; and 2 studies were discarded as it was performed in pediatric patients. Therefore, 18 studies 5, 10, 12, 14, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] were included in the final analysis. The details of study selection is presented Flow Chart 1.
Study Characteristics and Quality of Included Studies
The baseline clinical characteristics and main outcomes of these studies are listed in Table 1 . In brief, these included studies were of prospective design, and the populations involved were all diagnosed as CD. However, the enrolled patients in different studies were not in the same condition. recruited anti-TNF-positive CD patients. Endoscopies and FC tests were conducted at the beginning of these studies and at certain time point. And endoscopies were used as the reference standards in these trials, although the reporting terms of results of endoscopies were not inconformity. Each item of risk of bias for individual studies is assessed and presented in Figures 1 and 2 .
Diagnostic Accuracy
As illustrated in Table 2 , the pooled sensitivity and specificity of included studies for CD activity were 91% (50 μg/g), 84% (100 μg/g), and 76% (>150 μg/g) respectively; and the pooled sensitivity and specificity of included studies' values for CD relapse were 72% (100 μg/ gm) and 75% (>150 μg/gm) respectively. For detection of heterogeneity, I 2 was calculated, and the values of I 2 for the sensitivity and the specificity ranged from 0 to 81.5%, indicating a relatively high risk of heterogeneity between the patients of included studies. The summary AUC of FC for detecting CD activity was 0.78 (50 μg/g), 0.88 (100 μg/g), 0.85 (>150 μg/g); for monitoring relapse of CD was 0.69 (100 μg/g) and 0.81 (>150 μg/g) respectively. Graphs 1 to 5 show the hierarchical SROC graph with the 95% confidence region and the 95% prediction region. With regard to CD activity, the summarized positive likelihood ratio (95% CI) of FC assay at cutoff values of 50, 100, and >150 μg/g were 1.68 (1.35-2.07), 2.38 (1.34-4.25), and 3.51 (2.56-4.80) respectively; the summarized negative likelihood ratio (95% CI) of FC assay at cutoff values of 50, 100, and >150 μg/g were 0.188 (0.12-0.31), 0.24 (0.18-0.32), and 0.31 (0.17-0.57) respectively. The data for monitoring CD relapse are presented in Table 2 .
Next, we performed a subgroup analysis to assess the potential sources of heterogeneity between eligible studies. As calculated, the diagnostic accuracy of FC test was higher in European patients (DOR, 13.98) than in Asian subjects (DOR, 11.68). Similar results were observed in populations with the following characteristics: Larger sample sizes (number of enrolled patients over 30), the different kit for FC assay (other ELISA kit vs PhiCal kit). In addition, a meta-regression analysis was carried out to find whether there were any significant sources of heterogeneity. The findings revealed that testing FC using different detection kit was significantly associated with the accuracy of endoscopies for the activity of CD (p = 0.03).
To assess the effect of individual study on the summarized accuracy of FC test for detection of CD activity at a cutoff value of 50 μg/g, we also performed a sensitivity analysis. The summarized sensitivity, specificity, DOR, and AUC with 95% CIs were calculated by removing each individual study (Table 3 ). The results demonstrated that the diagnostic accuracy of FC for detection of CD activity was relatively stable.
DISCUSSION
In this article, we have studied the diagnostic accuracy of FC for detection of activity and relapse of CD. To our knowledge, this is the first meta-analysis focusing on the performance of FC in predicting both activity and relapse of CD. The systematic search of relevant literature identified 18 observational studies assessing the diagnostic performance of FC for detection of CD activity and recurrence that met the inclusion criteria and provided sufficient data to conduct a meta-analysis. The findings of our meta-analysis proved that FC at different cutoff values is not highly accurate for CD activity, pooled sensitivity is around 0.75, and summary specificity is between 0.47 and 0.78. For relapse of CD, pooled sensitivity is around 0.74, and summary specificity is between 0.56 and 0.71. The estimated accuracy of FC for assessing activity of CD might be overestimated according to the significant indication of pooled asymmetry. Furthermore, as the quality of included studies was not consistent, it is not easy to figure out whether the insufficient diagnostic accuracy reflects a problem with the quality of the information used in this analysis.
Endoscopy and imaging examinations are the preferred methods for evaluating CD activity. However, there are several disadvantages and risks when applying these methods. Endoscopy is invasive and needs bowel cleansing. Imaging techniques, such as magnetic resonance imaging are expensive and require intravenous contrast in most cases. Nowadays, numerous biomarkers are recommended for monitoring intestinal inflammation and therefore could also be used as potential indicators of CD activity. However, the clinical evidence supporting their application in the prediction and management of CD is still insufficient. Among the various factors, CRP has been proved to be a good responder in CD, but its application is limited due to its modest accuracy in predicting CD activity. 27 As CD is a disease of digestive tract, fecal biomarkers have been supposed to be more accurate in assessing disease activity, and FC is mostly studied. Fecal calprotectin accounts for 60% of cytosolic proteins in granulocytes, and its concentration in feces is therefore proportional to neutrophil migration to the gut and reflects the potential degree of inflammation.
28
In addition, FC is considered to be a promising biomarker for CD as it is stable in the feces, and its measurement is simple and noninvasive. To date, there is no specific metaanalysis emphasizing on the predictive performance of FC on both activity and relapse of CD. But a few metaanalyses 34, 35 have shown that FC is useful for prediction In their analysis, the AUC value of FC was 0.89 for patients with IBD, 0.88 for patients with CD. The summary specificity for CD was 0.81. For the IBD group at a cutoff value of 50 μg/g, the pooled sensitivity was 0.92 and specificity was 0.60. For a cutoff value at 100 μg/g, the pooled sensitivity was 0.84 and specificity was 0.66. For a cutoff value at 250 mg/g, the pooled sensitivity was 0.80 and specificity was 0.82. However, they did not report the pooled data of sensitivity and specificity at different cutoff values for CD. Another meta-analysis also studied the potential role of FC in IBD patients. In another study, Mao et al 34 performed a meta-analysis to evaluate the predictive capacity of FC in IBD relapse, but they failed to fully explore the predictive value of FC in CD patients as insufficiency of available data. They reported a value of 0.75 for sensitivity and 0.71 for specificity in patients with CD. In the present meta-analysis, we only included CD patients. The diagnostic accuracy in our study is similar with that reported by other investigators.
In this meta-analysis, the results indicated that the diagnostic value of the FC test is high for CD patients.
However, as mentioned by other researchers, we cannot just simply use the FC assay to evaluate CD activity or treatment efficacy. Fecal calprotectin should be used in combination with other tests, such as ESR and CRP to assess the potential inflammatory condition of patients with CD. High FC levels with low CDAI scores may require other examinations to evaluate the condition of CD. And the measurements of FC should be performed in a periodic interval.
Though we tried to avoid any possible bias, there are still several limitations in our meta-analysis. First, the pooled results of the present study had relatively high heterogeneity and bias of publication. The sources of heterogeneity and publication bias include differences in populations, disease duration, treatment regimen, time of measuring FC, and cutoff value of FC. Second, the samples of included studies varied significantly. The pooled results were probably compromised due to the small number of eligible studies. Third, the reference standard was similar in most included studies, but the application of various scoring systems to assess CD activity was a problem. Therefore, a standardized scoring method should be established to minimize variation and provide a better accuracy. Last, a few studies failed to provide sufficient data or information of interest. 21 Sipponen et al 10, 22 Schoepfer et al 5 Guidi et al 33 Lasson et al 14 Laharie et al 
